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Abstract 

We develop the principle of nongravitating vacuum energy, which is imple- 
mented by changing the measure of integration from ^J—gdPx to an integration 
in an internal space of D scalar fields ip a . As a consequence of such a choice of 
the measure, the matter Lagrangian L m can be changed by adding a constant 
while no cosmological term is induced. Here we develop this idea to build a 
new theory which is formulated through the first order formalism, i.e. using 
vielbein and spin connection uj^ (a, b = 1,2, ...D) as independent variables. 
The equations obtained from the variation of and the fields (p a imply the 
existence of a nontrivial constraint. This approach can be made consistent with 
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invariance under arbitrary diffeomorphisms in the internal space of scalar fields 
if a (as well as in ordinary space-time), provided that the matter model is cho- 
sen so as to satisfy the above mentioned constraint. If the matter model is not 
chosen so as to satisfy automatically this constraint, the diffeomorphism invari- 
ance in the internal space is broken. In this case the constraint is dynamically 
implemented by the degrees of freedom that become physical due to the break- 
ing of the internal diffeomorphism invariance. However, this constraint always 
dictates the vanishing of the cosmological constant term and the gravitational 
equations in the vacuum coincide with vacuum Einstein's equations with zero 
cosmological constant. The requirement that the internal diffeomorphisms be 
a symmetry of the theory points towards the unification of forces in nature like 
in the Kaluza-Klein scheme. 
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1 Introduction 



In 1917, Einstein realized Q, that his field equations can be modified by introducing 
the " cosmological constant term". This "A-term" appears in the Einstein's equations 
in the form 

1 K 

where k = lQnG. Although Einstein considered the introduction of such a term a 
mistake, the fact is that such term does not violate any symmetry. Furthermore, 
quantum field theory (QFT) predicts the existence a vacuum energy due to the zero 
point fluctuations, which gives an infinite contribution to T^ v which is of the form 
g^uPo, (Po = const), that is, indistinguishable from the A-term. Even if the infinity 
problem could be avoided, QFT naturally predicts a very large A-term, since on 
purely dimensional ground, QCD would give a vacuum energy of order lGev 4 and 
in quantum gravity one expects 10 76 Get> 4 , while observations require the vacuum 
energy to be less then 10~ A6 Gev A . For a historic overview see || and for reviews of 
the modern attempts to solve this puzzle see @. 

In this paper we will develop an approach where as a consequence of a nontrivial 
constraint imposed by the variational principle, which has a highly geometrical mo- 
tivation, any A-term is forbidden. When this constraint is satisfied in an automatic 
form by the matter models, we have an additional local symmetry in the model. 
The triviality of the constraint or the associated local gauge symmetry implies the 
physical irrelevance of certain degrees of freedom. It should be pointed out that the 
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vanishing of the cosmological term is achieved even if the constraint is nontrivially 
implemented. In this case the degrees of freedom mentioned above become nontriv- 
ial and are dynamically active in the mechanism that eliminates the cosmological 
constant. 

This approach is based on a paper by us ||], where the "principle of nongravitating 
vacuum energy (NGVE)" was formulated. There the usual measure of integration that 
is y/ — g, was changed by another scalar density <3> which is also a total derivative, built 
from D scalar fields (if D is the dimension of space-time). In an explicit form: 

$ = e aia2 ... aD e a ^--- aD {d aiVai ){d a ^ a2 ) . . . (d aD <p aD ) (2) 

where ip a , (a = 1,2, ...D) are scalar fields. In this case / L m §d D x is invariant under 
the change L m — > L m + constant, since then we just add to the integrand L m $ 
a total derivative term. We should then remember that usually the cosmological 
constant piece in (|l|) is generated from a term of the form A / y/—gd D x, which with 
the change of measure becomes an irrelevant total divergence. In spite of this, in 
such a model an integration constant that plays a role which resembles that of a 
cosmological term, appears in the equations (although for nonvanishing values of this 
integration constant, maximally symmetric spaces are not available^). In addition, 
the equations deviate from those of general relativity and a new physical massless 
"dilaton" appears, with the corresponding phenomenological problems. 

In contrast, here we will find that when formulating the theory in a way which is 
invariant under diffeomorphisms in the manifold of fields (p a , then no term that plays 
the role of a cosmological constant term can appear. Together with this, no propa- 
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gating dilaton appears. This is achieved in a simple way by formulating the model 
in terms of vielbeins and allowing the possibility of torsion. This is a quite natural 
approach since vielbeins and torsion appear in any case if fermions are introduced. 

In the context of this formulation of the theory, the local symmetry mentioned 
before, is actually the group of diffeomorphisms in the space of the scalar fields ip a . 
If this group is indeed a symmetry, the vanishing of the cosmological constant is a 
trivial consequence. If this group is not a symmetry, still the variation with respect to 
these degrees of freedom leads to the constraint that makes the cosmological constant 
vanishing. 

As was mentioned above, the key idea of the theory is replacing the measure 
y/—gd D x by <&d D x, $ being given by (|2|) and we are then led to the following action 
for gravity plus matter: 



where R is the scalar curvature. To define R, we can use the standard Riemannian 
definition in terms of g^ v . This leads to the theory studied in Ref.[|J. 

A different approach, which will be shown in this paper to be physically inequiva- 
lent, is to allow a more general form for R which allows for the possibility of torsion. 
In this case we define [[J 



where e afl = r] ab e^, rj ab is the diagonal D x D matrix with elements +1,-1,... — 1 on 
the diagonal, are the vielbeins and u;" (a, b = 1, 2, ...D) is the spin connection. The 
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(3) 



R(u;,e) = e^e bu R^ ab (u) 



(4) 



(5) 



matter Lagrangian L m that appears in eq. (^) still does not depend on the scalar fields 
ip a and it is now function of matter fields, vielbeins and spin connection, considered 
as independent fields. We assume for simplicity that L m does not depend on the 
derivatives of vielbeins and spin connection. 

As it is well known |J, if fermions contribute to L m , the vielbein formalism becomes 
unavoidable anyway. This could be regarded as an argument to view the use of (|j) 
and (|D as a more fundamental starting point than that of using the Riemannian 
definition for R. As we will see, in the NGVE theory studied here R(u, e) 7^ Riemann 
scalar, even in the case L m = 0. 
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2 General features of the NGVE-theory 



In this section we study the general features of the NGVE-theory, which are conse- 
quences only of the fact that the scalar fields ip a enter just in the measure of inte- 
gration and not in the total Lagrangian density L = —~R + L m . First notice that 
$ is the Jacobian of the mapping ip a = (p a (x a ), a = 1, 2, . . . , D. If this mapping is 
nonsingular (<3> ^ 0) then (at least locally) there is the inverse mapping x a = x a (ip a ), 
a = 0, 1 . . . ,D — 1. Since <&d D x = Dldipi A d(f2 A . . . A dipo we can think &d D x 
as integrating in the internal space variables ip a . Besides, if $ ^ then there is a 
coordinate frame where the coordinates are the scalar fields themselves. 

The field $ is invariant under the volume preserving diffeomorphisms in internal 
space: <p' a = <p' a (<Pb) where 

9(p ai 0(p a2 d(p aD 

Such infinite dimensional symmetry leads to an infinite number of conservation 
laws. To see this, notice that from the volume preserving symmetries (p' a = <p' a ((pb) 
defined by eq.(^) which for the infinitesimal case implies 

<p' a = Va + Xe a " D dFaia2 :- aD - M (7) 

(A 1), we obtain, through Noether's theorem the following conserved quantities 

fy = A^R + L)e aai ... J F ^" D - M) (8) 

We now want to notice that the form of the action (^) implies the existence of a 
very special set of equations. These are the equations of motion obtained by variation 



of the action (Q) with respect to the scalar fields ifb and they are 

A%d IM (--R + L m ) = (9) 

where 

At = £aia2 ...a _ l6 £ Qia2 - aj3 - lM (9 ai ^ ai )(9 a ^ a2 ) . . . (da^tp^) (10) 

It follows from (0) that A^d^y = D~ l 8w$> and taking the determinant of both 
sides, we get det(A%) = Therefore if $ 7^ 0, which we will assume in what 

follows, the only solution for (|9|) is 

L = — R + L m = constant = M (11) 

K 

Finally, we show that the same structure of this action, which leads to the very 
special set of equations displayed above, is associated with another, even more puz- 
zling set of symmetries than the volume preserving diffeomorphisms. In fact, let us 
consider the following infinitesimal shift of the fields (p a by an arbitrary infinitesimal 
function of the total Lagrangian density L = —-R + L m , that is 

<p' a = (p a + eg a (L),e«l (12) 

In this case the action is transformed according to 

5S = eD J A>" a Ld^g a {L)d D x = e J d^d D x (13) 

where = DA%f a (L) and f a (L) being defined from g a (L) through the equation 
L~dt = dt m ^ obtain the last expression in the equation(|13D it is necessary to note 
that d^A^ = 0. By means of the Noether's theorem, this symmetry leads to the 
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conserved current 

f L = A»(Lg a - f a ) = A» [ L g a (L')dL' (14) 

The existence of this symmetry depends crucially on the independence of the La- 
grangian density L on the scalar fields that define the measure. In fact, the existence 
of this symmetry could be used to justify the expectation that quantum corrections 
would keep that basic structure, provided it is present at the tree level. 
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3 The NGVE-theory - Riemannian approach 



Before studying the case when the definitions (|j) and (|j) are used we will review the 
model studied in ||, where R in the action (|3|) is the Riemannian one and L m = 
Lm(g^u, matter fields). 

Variation of S g = — \ J R&d D x with respect to g^ u leads to the result 

5S g = -- f + { 9fa/ n - V,V u )]5g^d D x (15) 

In order to perform the correct integration by parts we have to make use the scalar 
field x = 77=| > which is invariant under continuous general coordinate transforma- 
tions, instead of the scalar density $. Then integrating by parts and ignoring a total 
derivative term which has the form d a (y/—gP a ), where P a is a vector field, we get 

S S 1 

—JL = --^/^[ X R^ + g^Ux - X,n-A ( 16 ) 

In a similar way varying the matter part of the action with respect to g^ u 
and making use the scalar field x we can express a result in terms of the standard 
matter energy-momentum tensor = ~7= ^ v ^f , '"- > . Then after some algebraic 
manipulations we get instead of Einstein's equations 

= \\T,u - \g^K + (D~ 2)L m )} + I(^p^n x + Xmv ) (17) 

where G^ u = R^ u - \Rg^. 

By contracting ( |TTD and using (|TTJ) , we get 

D * " W^i [M + \ {T « +{D ~ 2)Lm)]x = (18) 
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By using eq.(|I£|) we can now exclude Tg + (D — 2)L m from eq. (|TTD : 

Gfxv = ^[T^ + Mg^\ + -\x, K „ - g^x\ (19) 
^ X 

Notice that eqs.(§) and ([H]) are invariant under the addition to L m a constant 
piece, since the combination T^ u — \g^\T^ + (D — 2)L m ] is invariant. 

It is very important to note that the terms depending on the matter fields in 
eq.flTTf) as well as in eq.flTTD do not contain \ -field, in contrast to the usual scalar- 
tensor theories, like Brans-Dicke theory. As a result of this feature of the NGVE- 
theory, the gravitational constant does not suffer space-time variations. However, the 
matter energy-momentum tensor T^ u is not conserved. Actually, taking the covariant 
divergence of both sides of eq.fll^D and using the identity X'-v-a = (^x)ip +X' a Rav, 
eqs.(|l^) and (|T8|) , we get the equation of matter non conservation 

T[mv ^ = -2-^g^dJnx (20) 

We are interested now in studying the question whether there is an Einstein sector 
of solutions, that is are there solutions that satisfy Einstein's equations? First of all 
we see that eqs.(|19|) coincide with Einstein's equations only if the x-field is a constant. 
From eq. (|T8|) we conclude that this is possible only if an essential restriction on the 
matter model is imposed 

2M + T: + (D- 2)L rn = 2\g^ 9{L ™~ M) - (L m - M)} = 0, (21) 

which means that L m — M is an homogeneous function of g^ u of degree one, in any 
dimension. If condition ([H]) is satisfied then the equations of motion allow solutions 
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of GR to be solutions of the model, that is x — constant and G^ u = | + Mg^ u . It 
is interesting to observe that when condition ( |21| ) is satisfied, a new symmetry of the 
action(^|) appears. We will call this symmetry "Einstein symmetry" (because ( pTf ) 
leads to the existence of an Einstein sector of solutions). Such symmetry consists of 
the scalings 

<r -> v (22) 

y? a -> A~^y? a (23) 

where A = const. To see that this is indeed a symmetry, note that from definition 
of scalar curvature it follows that R — > XR when the transformations (|22|) , (f23|) are 
performed. Since condition fl2"Ip means that L m is a homogeneous function of 
of degree 1, we see that under the transformations (|22"|) ,,(|23|) the matter Lagrangian 



L m AL m . From this we conclude that (l%q),([23|) is indeed a symmetry of the 
action(||) when (|2l|) is satisfied. 

The situation described above can be realized for special kinds of bosonic matter 
models: 

1. Scalar fields without potentials, including fields subjected to non linear con- 
straints, like the a model. The general coordinate invariant action for these cases has 
the form S m = J L m $d D x where L m = ^a,^a, u g^ v . 

2. Matter consisting of fundamental bosonic strings. The condition ( |2"TD can be 
verified by representing the string action in the D-dimensional form where g^ plays 
the role of a background metric. For example, bosonic strings, according to our 
formulation, where the measure of integration in a D dimensional space-time is chosen 
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to be <&d D x, will be governed by an action of the form: 

S m = [ L strmg $d D x, L strmg = —T ( dadr 6D ( X ~ * (<T ' r)) det{g ^X^) (24) 
J J v 9 ' 

where / L stTing ^—gd D x would be the action of a string embedded in a D-dimensional 
space-time in the standard theory; a, b label coordinates in the string world sheet and 
T is the string tension. Notice that under a scaling (|22"D (which means that g nv — > 
A -1 ^!/), L string — > \( D l L < s trmg > therefore concluding that L str i ng is a homogeneous 
function of g^ v of degree one, that is eq.(|2~l"D is satisfied only if D = 4. 

3. It is possible to formulate the point particle model of matter in a way such 
that eq. (pT|) is satisfied. This is because for the free falling point particle a vari- 
ety of actions are possible (and are equivalent in the context of general relativity). 
The usual actions are taken to be S = —m J F(y)ds, where y = 9a/3^s~^r anc ^ 
s is determined to be an affine parameter except if F = ^/y, which is the case of 
reparametrization invariance. In our model we must take S m = —m J L var t<§>d A x with 
Lpart = —fn J ds 5 ( x ~r^ -—F(y(X(s))) where / L party / '—gd 4 x would be the action of a 



-g 

point particle in 4 dimensions in the usual theory. For the choice F = y, condition 



(PI) is satisfied. Unlike the case of general relativity, different choices of F lead to 
unequivalent theories. Notice that in the case of point particles (taking F = y), a 
geodesic equation (and therefore the equivalence principle) is satisfied in terms of the 
metric g e JJ = X9a/3 even if \ is n °t constant. It is interesting also that in the 4- 
dimensional case g e JJ is invariant under the Einstein symmetry described by eqs.(^) 
and fl23|). 

Notice that the theory as formulated in this section makes sense even without 
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condition fl2T|) being satisfied. In contrast, we will see in the next section that when 
allowing torsion, a condition which generalizes the condition (|2l|), is required for the 
consistency of the equations of motion of the theory. 
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4 The NGVE-theory- Vielbein-Spin Connection Ap- 



proach 
4.1 General Consideration 

We are now going to study the theory defined by the action ([3]) in the case that the 
scalar curvature is defined by (|]),([5|), which means that R may not coincide with 
the Riemannian scalar curvature and as a consequence we do not expect the NGVE- 
Vielbein-Spin Connection (VSC) approach to coincide with the Riemannian approach 
of section 3. 

As in section 2, variation with respect to the scalar fields (p a leads to the equations 
A^dJ R(e, lo) + L m (e, u>, matter fields)) = (25) 

K 

which implies, if $ 7^ 0, that 

R(e, u>) + L m (e, u, matter fields) = M (26) 

K 

On the other hand, considering the equations obtained from the variation of the 
vielbeins, we get if $ 7^ 

-^(e,-) + |^ = 0, (27) 

where 

R^ a {e,u)=e bu R^ ab {u). (28) 
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Notice that eq.(P?D is indeed invariant under the shift L m — > L m + const. 

Since R(e,u) = e a/i i? Ma (e, u;), we can eliminate R(u) from the equations ( p6|) and 
(p7|) after contracting the last one with e afl . As a result we obtain the nontrivial 
constraint 



^ d{Lm dea , M) ~ — M) = (29) 
In the case L m = L m (gn )U , matter fields) we see that the form of the constraint 



([29]) coincides with the condition (p2l|) which provides the existence of the Einstein 
sector of solutions in the Riemannian approach. In contrast here it is not a choice 
but it is a consequence of the variational principle. 

The constraint (^) has to be satisfied for all components (in the functional space) 
of the function L m . In particular, for the constant part denoted < L m > we obtain: 



< L m > —M = (30) 

Therefore, one of the consequences of the constraint (|29| ) is that it dictates that the 
constant part of the matter Lagrangian < L m > is compensated by the integration 
constant M. 

We will see that constraint fl2"9"|) can be satisfied in three possible ways: (1) au- 
tomatically, that is from the definition of L m , without any dynamical consideration; 
(2) automatically after matter field equations only are used; (3) after all equations 
are used. All three matter model examples of the section 3 belong to case (1). 

As we saw in section 3, in the context of the Riemannian approach, the condition 
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(PT|) is related to the Einstein symmetry (^), It is very interesting to see 

what kind of symmetry of the action (||) is associated with the constraint (|29| ) in the 
context of the VSC- approach. It turns out that when the constraint (|29|) is satisfied 
automatically (without using the equations of motion of matter) we obtain that a 
local version of Einstein symmetry holds. Furthermore, this local Einstein symmetry 
is nothing but diffeomorphism invariance in the space of the scalar fields ip a , which 
has to be accompanied with a conformal transformation of the vielbeins: 

-> (p' a = <Pa((Pb), (31) 
e afi y e afi = J ^ e a(j,, (32) 

J = jDe t(M). (33) 
oip b 

In terms of g^ u and $ (and x = 77=3) this symmetry has the form: 

$ $' = J$ (35) 

X - y = J 1 "^ (36) 
Since when $ 7^ 0, we have that the transformation (p a = Lp a {x^) is one to one, 
we obtain that by means of (|55]) , $ can be transformed to whatever we want, in 
particular $ = \/—g or, what is the same, x = 1 is a possible "gauge" if $ ^ 0. 

4.2 Torsion in the absence of fermions 

Let us now analyse what is the dependence of a;" 6 on e afl and x- As a first step, let 
us consider the case when L m = L m (g^ u , matter fields) and the dimensionality of the 
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space-time D=4. This of course excludes the possibility of fermions, but those can 
be incorporated without qualitative changes in the discussion. 
Then the variation of the action (§) with respect to gives: 

s" uXp e abcd [ X e c x D u e d p + \e\e% v ] = 0, (37) 

where D u e ap = d v e ap + u* a e dp 



The solution of eq.fl37|) is 

< = <(e) + < (38) 

where a>jf(e) is the Riemannian spin connection^], and K ab is the contorsion 
tensor |J,|6| which in our case is given by 

< = ^(<e ba -e>n (39) 

where a = ln%. Notice that deviation of the new measure $ from the GR measure 
y/—g (that is x 7^ constant) is the origin of torsion. 

If we insert this into the expression of $R(uj, e), we obtain 

V2n^/2i 



$R(u, e) = V^XR^, e) = ^g~[xR{g^) ~ 6 X i/J nx 1/2 ], (40) 

where R{g PiV ) is the Riemannian scalar curvature. The conformal coupling form of the 
scalar field x 1 ^ 2 is apparent. This is not a surprise since the left hand side is invariant 
under the local conformal rescalings ([!!])- ([$3|) and the conformal coupling form in the 
right hand side is the unique conformally invariant coupling between a scalar field and 
the Riemannian scalar curvature. The right hand side represents the resulting second 
order formalism, that is, what is obtained after solving the spin connection in terms 



of the other fields and then replacing the result into the action. The appearance of 
the additional — Qx l ^ 2 ^X 1 ^ 2 term in fl4"0|) , which is absent in the approach developed 
in section 3, clearly shows the inequivalence of the two approaches in all cases, even 
when no assumptions are made concerning the validity of the local Einstein symmetry 

(EHD-dD or > what is the same > flU)-© • 

This can be seen also by examining the shape of the equations of motion, even 



when the symmetry (|3~4"|)-(|3~6|) is not assumed to hold. From equations 
(|), ([§) and ©, we get 



1 \rH/ ) VP]/ ' 



GM + = |(T^ + Mg, u ), (41) 



where 



(42) 

and Gn V {g) = R^g) — \g^ v R{g) with R^ u {g) and R(g) being the Riemannian Ricci 
tensor and scalar. Taking the trace of (f41~D, we get 



□x 1/2 - \[R{g) + f CC + m)x 1/2 = o (43) 



Using that 

,dL m 



T: = e^-4L m (44) 



and constraint (129|) , we get 



□X V2 - \ [R(9) ~<L m - M)] X 1/2 = (45) 
o 

As we expected x 1 ^ 2 nas an equation which is of the conformally coupled type. 
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In the vacuum (that is taking into account only constant part of L m ), due to the 
constraint (PPf), eq.(f4"5|) takes the form 

□X 1/2 - \R{9)X 1/2 = (46) 



We can see then that eqs. ([46"|) and (|4l|) are invariant under the transformations (|34"1)- 
(j36l) (which in such play the role of conformal transformations). Therefore, 

X-field can be transformed into a constant and the resulting equations (|4l|) become 
just vacuum Einstein's equations with zero cosmological constant. As an example 
how this is realized in a concrete model, see section 4.4. 

From eqs.(f41~D, ( f42|) and ( |2^j ) we get the equation of matter nonconservation 



8L 

T^'^-jr^g^eyjnx, (47) 
oe afl 

where semicolon means covariant derivative in the Riemannian space-time with a 
metric g^ u . This equation coincides with eq.(^) in the case where L m depends on 
vielbeins only through g^ u . In cases where the local Einstein symmetry (PT|)-(|55D (or, 
what is the same, (|34|)-([3^)) holds, the x-held can be transformed into a constant and 
then eqs.(^) becomes equations of covariant conservation of the energy- momentum 
tensor. 



4.3 Study of constraint in fermionic models 

As it is well known M , H , one of the most attractive features of the vielbein formalism 
is its ability to incorporate fermions in the context of generally coordinate invariant 
theories. 
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The simplest example of a fermion is that of spin 1/2 particles. In this case we 
regard the spinor field \I/ as a general coordinate scalar and transforming nontrivially 
with respect to local Lorentz transformation according to the spin 1/2 representation 
of the Lorentz group. 

Considering the hermitian action (which allows for the possibility of fermion self 
interactions) of the form 

S f = J L f <S>d 4 x (48) 

where 

Lf = \ni a e»(3» + \^c d ) - (d» + \^<J cd )l a e^ + U(?9) (49) 
Here a cd = |[7 c ,7d]. 

Again, ufr should be determined by the equation obtained from the variation 
of the full action with respect to ui°f. This in general will give rise to additional 
contribution to the torsion, as it is well known 0,0. 

Here, in the context of the matter model ([SJ), ([!£]) we focus on the conditions where 
the constraint ( |2"9"D is satisfied, while \ remains unspecified (i.e. remains unphysical). 

From ((49|) and using the equations of motion derived from the action (|48|) , (|9|) , 
we get 

- 2L f = mil' - 2U, (50) 

where U' is the derivative of U with respect to its argument. We see that the constraint 
( p9f) is satisfied on the mass shell (since the fermion equations of motion are used) 
with M = for Lf defined by eq . (f49D if, for example, U = c(\l/\l/) 2 . Any other 
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quartic interaction, like ^ a ^-f a ^, ^a ab ^a ab ^, (^7 5 \l/) 2 , etc. would also satisfy 
the constraint fl29|) on the mass shell with M — 0. In particular, the Nambu - Jona- 
Lasinio model0 would also satisfy the constraint (|29| ) on the mass shell with M — 0. 

It is interesting to compare these kind of fermionic models where the constraint 
(H|) is satisfied with M = 0, with the models discussed already at the end of the 
section 3. Here the constraint is satisfied only on the mass shell while in those previous 
examples the constraint fl29|) is satisfied automatically, using only the definition of 
the Lagrangian. 

4.4 Example with scalar field 

Now let us consider cases when the constraint ( p9]) is not satisfied without restrictions 
on the dynamics of the matter fields. Nevertheless, the constraint ( p9|) holds as a 
consequence of the variational principle in any situation. 

A simple case where the constraint ( P§D is not automatic is the case of a scalar 
field with a nontrivial potential V(<f)). In this case the constraint ( |2T3| ) implies 

V((f)) + M = (51) 

Therefore we conclude that, provided $ ^ 0, there is no dynamics for the theory 
of a single scalar field, since constraint (|5lD forces this scalar field to be a constant. 
This means that the effective cosmological constant V(<p) + M in the equations (p]) 
vanishes identically provided $ ^ 0. 
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The constraint fl5"T|) has to be solved together with the equation of motion 

dV 

U<j> + <T,p<j>* + — = 0, (52) 

where a = ln%. From eqs.(|51~l) and (|52"1) we conclude that the -field has to be 
located at an extremum of the potential V(<f)). Since the constraint ([51]) eliminates 
the dynamics of the scalar field 0, we cannot really say that we have a situation 
where the symmetry fl3T|) -(|33D (or, what is the same, in the form (j34[)- (|36l) is actually 
broken, since after solving the constraint together with the equation of motion (i.e. 
on the mass shell) the symmetry remains true. 

Then using the constraint (^T|) in the equation of motion for x 1 ^ 2 (pE5]), we get 

□X 1/2 - \r{9)x 1/2 = (53) 



By using the obvious conformal invariance of eq.(p3f) and of all other equations, the 
X-field can be transformed into a constant, for example 1 (the correspondent con- 
formal transformation is in fact the particular case of the local Einstein symmetry 
(|^),(j35l),(|3~6D with J(ip a (x)) = x( x ))- Notice that in this simple matter model eq. (f47j) 
takes the trivial form 0=0. 
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5 The incorporation of Vector Bosons into the NGVE- 
theory in the VSC-approach 



5.1 General notions 

As it is well known, interactions between elementary particles appear to be well 
described by the exchange of vector bosons. The incorporation of vector bosons is 
therefore an important subject which has to be dealt with in the context of the new 
gravitational theory developed in this paper. 

As we have seen in the case of the point particle models, different formulations 
of a matter model which in the case of GR are physically equivalent, can in fact be 
the origin of inequivalent theories when formulated in the framework of the NGVE- 
theory. As we will see in this chapter, a similar situation arises in the case of vector 
bosons. We will discuss here (and in the next section) several options, some consistent 
with local Einstein symmetry and others which are not. As it is well known, the 
vielbein formalism allows us to regard a vector in different ways: (i) GVLS: a vector 
under general coordinate transformations, while being a scalar under local Lorentz 
transformations, (ii) GSLV: a scalar under general coordinate transformations, while 
being a vector under local Lorentz transformations. Let be a GVLS. We can then 
always define a GSLV as A a = e^A^. 
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5.2 Model of vector boson with the local Einstein symmetry 



Here we will choose the GSLV variables as the fundamental Lagrangian variables. 
Defining the Lorentz tensor and generally coordinate invariant scalar field strength 

F ab = e^D^Jk - e%D„A a , (54) 

where D^A a = d fl A a +u fUl bA b , we choose the following matter Lagrangian for massless 
vector bosons 

L v . b . = -\v ac V M F ab F cd (55) 

In the first order formalism it is understood that u^c is regarded as an independent 
variable, to be determined from the equations of motion obtained by variating uj^ bc . 
Notice that the matter Lagrangian fl5"5]) is in fact homogeneous of degree 2 in the 
vielbeins. Therefore a theory incorporating only L v b . as a matter model, is consistent 
with the local Einstein symmetry (|3l|)-(|33D and satisfies in an automatic form, the 
constraint (^) with M — 0. As a consequence of the symmetry ([H])-([33|), we obtain 
of course that in this model \ can be taken to be 1 if $ 7^ everywhere. If we do 
this, then we can see immediately that in the approximation where oj^ab = ^a&(e) 
{uj^ a b{e) is the Riemannian spin-connection (see also eq.(|38|)), the Lagrangian density 
(|55|) with F a b defined by ([54]) is invariant under the gauge transformations 

A a^A a + e^ (56) 

If we do not fix x-field, then the form of the gauge transformations is modified, but 
the model is still gauge invariant in the same approximation. 
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We should point out that together with the obvious advantages which this for- 
mulation of the theory of massless vector bosons has, this approach leads to weak 
violations (of gravitational strength) of the gauge invariance principle. This is a con- 
sequence of the first order formalism, where the spin-connection is determined from 
its equation of motion and we obtain in fact that there will be a contribution to the 
torsion from the vector boson itself. For example, it turns out that this gravitational 
back reaction of the vector bosons on gravity (i.e. on u^ ab ) is propotional to the 
gravitational constant k and violates the gauge invariance. Contribution to uo^ from 



fermions would also produce violations of gauge invariance in (55). 



5.3 Gauge Fields from Extra Dimensions in the VSC ap- 
proach 

Here we will see that in the framework of higher dimensional unification, the VSC- 
approach can incorporate gauge fields. It is important to notice that in the context 
of the NGVE-theories only the VSC alternative can successfully implement the idea 
of higher dimensional unification. The Riemannian approach developed in j|] and 
reviewed in section 3, is not suitable for this task. 

Let us see first of all that the purely Riemannian approach to the NGVE-theories 
does not provide a successful formulation of the higher dimensional unification. To 
see this, we start from the higher dimensional NGVE-Riemannian action 
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S s = -— f $R 5 ( lab )d 5 x, (57) 

where 

$ = e abcde e ABCDE (d A <p a )(d B <p b ) ■ ■ ■ {d E <p e ), (58) 

7a6 is the 5-dimensional metric and R§ is the Riemannian scalar curvature in the 
5-dimensional space-time. 

Our choice of parametrizing the 5-dimensional metric ^ab is|§ 



( _ , _ 2 * , , , \ 



1AB 



Qimu + e k vApA,, envA 



y eKvA v V J 



where g^ u , v and A^ do not depend on the fifth dimension x 5 , which is taken to 
be compactified. Doing the integration over x 5 we get 

S 5 = - [ ®[-R 4 + e 2 vg^g™F^F pa }d 4 x, (59) 

where R4 is the scalar curvature of a 4-dimensional space-time with the metric g^, 
k = K 5 /27rp, p being the size of the extra dimension and = d ii A v — d u A p . 

We see now that in contrast with the usual Kaluza-Klein theories, variation with 
respect to v leads to the nontrivial constraint for the gauge field g^" 9 g V(T F^F^ = 0. 
Such constraint is of course inconsistent with a phenomenologically successful theory 
of gauge fields, showing therefore the failure of the Riemannian approach to the 
Kaluza Klein unification in the context of the non gravitating vacuum energy theories. 
We now turn our attention to higher dimensional unification in the context of the 
VSC-approach. 
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Let us consider then the action (^) in the five dimensional case (D = 5), but where 
the scalar curvature is defined by ([|), which means that R may not coincide with the 
Riemannian definition, as we have verified it is the case in the four dimensional theory. 

Let us now consider the dependence of the spin connection to^ on the vielbein 
and on x = ^ ( we follow the same steps we went through in the four dimensional 
case). Variation of the action (||) with R defined as in @ in five dimensions gives 

e abcdf e ABCDF (xe c c e d D D B e f F + ^e c c e d D e f F X,B ) = (60) 
The solution of eq. (|60|) is now 

atf = o#(e) + Jtf, (61) 

where u/4 (e) is the Riemannian spin-connection of the 5-dimensional space-time and 
is the contorsion tensor which in our case is given by 

Kf = ^a, B {e\e bB + e b A e aB ), (62) 

If we insert this into the expression for $i? 5 (e, u), we obtain 

16 

$i? 5 (e, u) = VlxR 5 (e, u) = ^[xR^Iab) - — X 1/2 U X l/2 ] = 0. (63) 

Here R^ab) is the ordinary scalar curvature in the 5-dimensional Riemannian space- 
time with the metric 7ab- Again, we find a conformal coupling appropriate to D = 5, 
for the field x 1 ^ 2 - 

The other equations of motion, obtained from the variation with respect to 
after some algebraic manipulations, are 
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G{5)AB{e,uj) = G(^)ab{icd) + H i5)AB (x 1/2 ) = 0, 



(64) 



where G^ )A b 



R(5)ab - \iabRs and 



H( 5 )ab{x 




X 



TJ^[1abO X 



/2 ~1(x 1/2 Ub ]-^[iab(x 1/2 U (x 1/2 )' c -2(x 1/2 U (x 1/2 U ] 

(65) 



As in the four dimensional case, if <3> 7^ 0, using the symmetry fl31"l)-(|33D (which in 
terms of x an d Iab appears as a conformal transformations, see fl34|)-(|36|), where g^ v 
should be replaced by Jab), we can set the gauge x — 1) obtaining then equations 
identical to those of ordinary general relativity, in this case for D = 5 however. The 
Kaluza-Klein mechanism for gauge field generation works then as usual. 

When considering nonabelian compactifications, things work most straightforward 
when the matter Lagrangian that produces the compactification satisfies the con- 
straint ([29|). This is the case if the compactification is achieved, for example, through 
some hedgehog configuration which corresponds to the identity mapping from the 
extra dimensional sphere into a space of scalar fields satisfying nonlinear sigma model 
type equations. In addition, instead of sphere some other finite area noncompact man- 
ifolds can be considered [T^]. The problem in this case is associated with the large 
mass generation which the Kaluza-Klein gauge fields get in these kind of approaches. 



6 Breaking local Einstein symmetry 
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6.1 A Gauge+Matter fields System 



In some cases, the constraint (|29|) is not automatically satisfied in fact. In those cases, 
in order for the constraint to be satisfied, the x-field becomes determined, therefore 



breaking the symmetry (|3T|) - (|33|) . 

To see how this works, we study a model of a gauge field ( now formulated in the 
GVLS way, in contrast to what we did in section 5.2) and a neutral scalar field. Now 
gauge invariance is evident, however local Einstein symmetry is broken. Although 
the model is not very realistic we study it only to get an insight on how the theory 
works rather than to get a correct description of nature. 

Therefore we study the model © with the particular choice of the matter La- 
grangian density L m given by 

L m = \g^d^dA ~ U(4>) - -F^F^g^, (66) 

where F^ u = d^A u - d u A^. 

Notice that the action (|3]) with the matter Lagrangian (|66| ) is not invariant under 
the local Einstein symmetry (j3lD-([33|). However the nontrivial constraint 

-^V"+2[£/(0) + M] =0 (67) 
is still satisfied as a result of the equations of motion. 

We can study now how the theory works in several types of solutions. First of 
all, if we are interested in radiation type solutions, where F^F^ = 0, the situation 
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becomes identical (from the point of view of symmetries) to that when no gauge field 
was considered (see section 4.4). 

If we look for example for static purely electric spherically symmetric solutions of 
the equations of motion, equation fl67f) tells us that is a function of the electric field, 
not just a constant as in the section 4.4. After this, the equation of motion for the 
-field fl52|) allows us to solve ^ as a function of <p — <f>{For) and its first and second 
derivatives (as well as function of the metric). Finally this solution for ^ has to be 
inserted in the equation for E = F Qr , which involves 4-. The resulting problem is a 
highly nonlinear one but a well defined one which shows the role of the a = In %-field 
in the enforcement of the constraint. Notice that the x _ field is now not arbitrary. 
However, away from the sources, that is in a vacuum state that satisfies constraint 
(|5ll), equation (|53D holds, which is an equation with conformal invariance. Therefore 



X is there totally arbitrary and therefore unphysical. 



6.2 Breaking the local Einstein symmetry by the gravita- 
tional sector of the theory 

Breaking of the local Einstein symmetry is possible also in the gravitational sector 
of the theory in a case of an appearance of higher order terms in the curvature (for 
example as could be the case for quantum corrections). These terms usually give 
rise to non causal propagation and ghosts. In our case however, the fact that the 
measure of integration is $ instead of \f—g allows us to consider contributions which 
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are meaningless in the usual theory. This is the case when in the Lagrangian density 
we consider possible Euler (p) and Hirzebruch-Pontryagin (£) contributions 



P = -^=e a ^e abcd R aP abR^c d (6* 



£ = -^=e a ^R af3ab R^ cdV ac V bd (69) 



P\J—g and £\/—g are total divergences even in the presence of torsional | (our 
conventions for £ a P^ v are different from those of Ref.|TI[) and therefore irrelevant 
in the standard approaches. However, since the measure of integration is $, p$ 
and are contributions to the action that can be considered in our case. These 
give nontrivial contributions to the equations of motion. Since the contribution of £ 
into the total action violates the parity symmetry, we do not consider it in this first 
analysis. Furthermore, we present here only a sketch about the main features of the 
theory in the presence of the Euler contribution into the Lagrangian density. 



It is known |12| that when studying space-time of dimensionalities bigger than 
four, the corresponding generalization of the four-dimensional Euler density gives 
a nontrivial contribution to the equations of motion, however does not give rise to 
ghosts. In our case, this is still true and the proof follows the same lines of what is 
done in the higher dimensional case[T2~|. 



Considering small perturbations of and % around = 5% and of % = 1j we 
obtain from the Euler contribution into the Lagrangian density: 
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S E = I $d A xd a f, 



(70) 



where 



j a = 4[2(t%<t'P - 2a- a Ua - o#o# a, a ] (71) 



and a = In \- As in Ref. ||12||, the purely gravitational effects vanish in the quadratic 



approximation. We see, for example, that (^r) 2 is absent in the integrand of eq. 
(f?0|). Second derivatives with respect to time appear in the integrand of eq. ([T(]) only 
linearly. 

Notice that when the Euler density is present, the constraint (^) becomes now a 
dynamical equation for a: 

dL 

2 P + - 2Lm + 2M = 0, (72) 

where p is given by eq. (|68|) . Eq. ( |72|) is a dynamical equation for a rather than a 
constraint because second order time derivatives of a appear in ([72]). 

Finally notice that in the context of the modifications in the gravitational sector, 
described in this subsection, flat space-time is still always a solution. 
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6.3 General Relativity limit as the freezing the % degree of 
freedom 

As we have seen, the vanishing of the cosmological constant relies on the existence 
of the x-field and the nontrivial constraint (|29|) associated with the new measure of 
integration and with the scalar fields (p a from which this measure (and the x-field) is 
build. 

Now we want to see in what limit the model studied here becomes undistin- 
guishable from GR. This is important from the point of view of the correspondence 
principle. This question has obviously to do with what is assumed for the dynamics 
of the x-field. 

When the local symmetry (^l|)- (|33|) exists, the x-field does not represent a physical 



degree of freedom and it is in fact arbitrary and not determined by the equations of 
motion. When the constraint ( |29| ) is nontrivially satisfied, the x-field has to be 
determined so as to make things work. Finally, as we explained in section 6.2, we 
found a way to turn the x-field into a dynamical field by introducing the Euler term. 

Obviously we should be able to obtain GR if the dynamics of the x-field is turned 
into a trivial one, that is, if only \ — constant is allowed. This is of course the exact 
opposite to the case of unbroken symmetry. This is possible within the general form 
(§) of the theory, provided we add to L m a Lagrange multiplier term that enforces 
X = constant. The form of this contribution to the Lagrangian density is 
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freezing . £ 9 u E ua p 



J ~9 

where we assume that all components of E ua p are to be varied without restriction, 
i.e. E va p is a new fundamental field. The variation of the action with respect to E va p 
gives in fact 

d^x = constant, (74) 

that is the only possible configuration for the x-field is x = constant. 
The variation of the action with respect to e afl gives 



2 dL 

— —Rau(u) + q + C a ^Lf reezing = 0, (75) 



Contracting this with e ati we obtain 



2 dL 
- -R(u) + e a " — £ + 4L freezing = (76) 

Also, the variation with respect to the fields (p a leads to ( if $ ^ 0) 



-R(e, u;) + L m (e, u>, matter fields) + Lf reezing = M (77) 

K 

From ( [75] ) and ( [77j ) we get 



2 (-^m — ^freezing ~ M) — (7£ 



which now is not a constraint but rather determines the Lagrange multiplier term 



L freezing- 



Contracting (|75|) with e" we obtain 
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— —Rfj, u (u) + e" ™ + g^uL freezing = (79) 



From @ and Q7§) we get 



- ^[R^M - ^„R(lu)] + e a v ^ - 9ia ,L m + g, v M = 0, (80) 
or what is the same 

K Cf T j K 

G,* = z«q^ ~ 9,uL m + 9lxv M) = -(T, u + Mg nu ), (81) 

where G^ v = R pv - ±g uu R. 

Taking into account that the x degree of freedom is frozen now(see eq.fl74D) we 
conclude that eqs. (|8lD are the Einstein equations of GR (or Einstein-Cartan equations 
if fermions are included in the model), where an arbitrary integration constant M 
playing the role a cosmological constant appears. 

No information concerning the vanishing of the cosmological constant is obtained 
now, because the constraint that used to do this job contains now the Lagrange 
multiplier field E ua/3 which is not determined by any other equation, therefore eq. ([7S|) 
is not now a constraint at all. 



7 Discussion and Conclusions 

Here we have developed the consequences of changing the measure of integration 
from y^gd D x to d<ft A dif2 A ... A dfo, when the mapping from the scalars (p a 
(a = 1,2, ... D) to the coordinates is not known a priori. This means that the measure 
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of integration is determined dynamically and not assumed to have a particular form 
as it is done in GR. Such model[||] has been called "Nongravitating vacuum energy 
(NGVE) theory" because if we change the integrand (i.e. the Lagrange density) by a 
constant, which in GR is associated with a vacuum energy, no change in the equations 
of motion is obtained (ignoring possible boundary effects). 

Moreover, we have discovered in this paper, that when using the vielbein - spin- 
connection formalism in the context of the models based on the NGVE-principle, a 
nontrivial constraint ( p9| ) appears as a result of equations of motion. 

In our previous paper on NGVE-theory[|J we have seen that the constant part of 
the vacuum energy does not affect gravitational properties, but an integration con- 
stant appears and it plays a role similar to that of an effective cosmological term 
(although a maximally symmetric de Sitter space did not exist there). Now, allowing 
for the possibility of torsion, such integration constant appears too, but it is deter- 
mined dynamically so as to cancel any possible constant part of the vacuum energy, 
which is present in the starting formulation. 

The existence of a nontrivial constraint does however modify the dynamics of the 
matter fields in a nontrivial way. This can be avoided, as we have seen in section 6.4, 
by making the dynamics of the x-field trivial if we introduce a Lagrange multiplier. 
In this case the constraint becomes only a definition of the Lagrange multiplier and 
therefore fails to give additional information on the effective cosmological constant. 
This version of the theory coincides physically with the models discussed by the 



authors of Refs|13| where the cosmological constant is an integration constant. It 
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is here obtained from the general formalism by enforcing from outside the triviality 
of the x-field, which is of course not a natural things to do. This version of the 
theory does not answer the question of the vanishing of the cosmological constant, 
which is again an arbitrary integration constant, with no particular reason to pick 
the vanishing value as has been pointed out by Weinberg [[3]]. 

We have seen in section 6.1 that terms that violate the local Einstein symmetry 
can be incorporated and they do not alter the basic conclusions of the model, that 
is, the vanishing of the cosmological constant term. They do give rise however to a 
nontrivial dynamics for the field \ which acquires a physical meaning due to these 
breaking terms. Furthermore, the constraint ( |29| ) is satisfied anyway by dynamically 
adjusting the field \i as we saw i n the particular example of section 6.1. 

Incorporating masses for example, will modify this constraint so that the masses 
will enter in the constraint. In the case of fermions, we have seen in section 4.3 that 
if we start from Nambu-Jona Lasinio (NYL) type models 0, the constraint (|29l) is 



satisfied on the mass shell without restriction on the matter field dynamics. However 
a spontaneous symmetry breaking mechanism originates from quantum corrections 
and as a result masses of fermions appear. So if our classical arguments concerning the 
satisfaction of the constraint fl29|) in the NJL model survive the quantum corrections, 
we would then expect that the fermion masses may not enter in the constraint at all. 
If they do, they contribute to a non trivial \ dynamics. Which alternative is the right 
one requires a nontrivial analysis. 

In addition , in the context of some model resembling the standard model, the 
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constraint (^) seems to give a basic condition which tell us that the Higgs field is a 
composite of the other fields appearing in the theory in a way that resembles what 
we have studied in section 6.1. 

A way to avoid the constraint from having a big effect on the dynamics of any 
single matter field is to introduce a large number of fields, most of them interacting 
with each other only gravitationally and of course through the constraint. Since the 
whole L m enters in the constraint, enlarging the number of fields diminishes the "job" 
each individual field has to do. In such a way we expect to recover the local symmetry 



(pl|)-(|33|) at long distances, i.e. the triviality of the constraint at long distances. This 
would be a way to realize the infrared dynamical symmetry restoration of gauge 
symmetries as it has been discussed in the literature [Q. 

Keeping a nontrivial constraint (that is avoiding the introduction of the Lagrange 
multiplier that trivializes the ^dynamics) , in sections 3,4 and 5 we have formu- 
lated several models (including fermions, scalar field and vector bosons) where the 
constraint fl29|) is satisfied at least on the mass shell. However, it follows from the 
equations of motion that the only possible configuration of a single scalar field with 
a potential is a constant scalar field located in the extremum of the potential. In this 
case the constraint dictates that this extremal value of the potential is compensated 
by the integration constant, thus providing the mechanism for the nonexistence of the 
cosmological constant on the mass shell. Those models respect the local Einstein 
symmetry. Therefore we can set the gauge \ = 1 and in this case eq.(|47|) becomes 



the equation of the covariant conservation of the energy-momentum tensor. 
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The infinite dimensional symmetries (|7]) and ( |T2"D impose strict restrictions on the 
possible induced terms in the quantum effective action, if no anomalies appear in this 
effective action. In particular, symmetry under the transformations ( |I"2"1) seems to 
prevent the appearance of terms of the form f(x)& (except for f(x) oc 1/x) i n the 
effective action which although is invariant under volume preserving transformations 
(0), breaks symmetry flT2|) . The case f{x) oc 1/x is not forbidden by symmetry (12 



and appearance of such a term would mean inducing a "real" cosmological term, i.e. 
a term of the form ^/—gA in the effective action. However, appearance of such a 
term seems to be ruled out because of having opposite parity properties to that of 
the action given in (^). Furthermore, in the absence of Euler-like terms (of section 
6.2), the variational principle gives now A = in the vacuum if such term is "forced" 
into the theory. Of course, in the absence of a consistently quantized theory, such 
arguments are only preliminary. Nevertheless it is interesting to note that if all these 
symmetry arguments are indeed applicable, this would imply that the scalar fields 
if a can appear in the effective action only in the integration measure, that is they 
preserve their geometrical role. 

Finally, it is very interesting that in attempts to build a model which respects 
both the local Einstein symmetry and the gauge invariance, we have succeeded in 
finding it only in the framework of the Kaluza-Klein unification. It is a clue that 
the resolution of the cosmological constant problem and the problem of unifying the 
fundamental forces of nature are intrinsically intertwined. 
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